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Oxidative stressGrapes are rich in polyphenols with biologically active properties. Although the bioactive potential of
grape constituents are frequently reported, the effects of Brazilian Vitis labrusca L. grape juices ingestion
have not been demonstrated in humans. This study identiﬁed the phenolic and elemental composition of
red and white grape juices and the effect of organic and conventional red grape juice consumption on
lipid peroxidation in healthy individuals. Concentrations of anthocyanins, ﬂavanols and phenolic acids
and the in vitro antioxidant activity were signiﬁcantly higher in the organic juice. The macro-elements
K, Ca, Na and Mg were the most abundant minerals in all juices. The acute consumption of red grape
juices promoted signiﬁcant decrease of lipid peroxides in serum and TBARS levels in plasma. It is con-
cluded that red V. labrusca L. grape juices produced in Southern Brazil showed lipid peroxidation inhibi-
tion abilities in healthy subjects, regardless of the cultivation system.
 2014 Elsevier Ltd. All rights reserved.1. Introduction eliciting beneﬁcial functions such as antioxidant, anticarcinogenic,Natural foods of high nutritional quality play an important role
in maintaining human health. Grape (Vitis sp.) contains a diversity
of phytochemical polyphenols that act on human physiology,cardioprotective, anti-inﬂammatory and neuroprotective (Bagchi
et al., 2000; Chira, Suh, Saucier, & Teissèdre, 2008). Grape and
grape derivatives are a natural source of phenolic compounds
and represent important sources of polyphenols in the human diet.
These compounds are responsible for the bioactive properties of
wines and grape juices (Chira et al., 2008; Mulero, Pardo, &
Zafrilla, 2010).
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characteristics regarding its colour, aroma and ﬂavour. This natural
beverage is highly appreciated and consumed worldwide (Rizzon &
Meneguzzo, 2007). The expansion of viticulture and production of
derivatives, as well as the health beneﬁts related to grape polyphe-
nols, have led to a growing interest concerning the nutritional
quality and bioactive potential of grape juice (Dani et al., 2007).
In recent years, consumers are prioritizing a more healthy diet
and there are increasing knowledge and concern regarding food
quality, food safety and environmental protection (Cardoso,
Tomazini, Stringheta, Ribeiro, & Pinheiro-Sant’Ana, 2011). The need
for cultivating systems with less aggressive impact on the environ-
ment, aiming for preservation and sustainable development of viti-
culture practices, have contributed to the expansion of organic
grape culture and production of organic grape juice (Rombaldi,
Bergamasqui, Lucchetta, Zanuzo, & Silva, 2004). Organic grapes
and crops must be grown in safe soil and must remain separate
from conventional products. The application of synthetic pesti-
cides, bioengineered substances (GMOs), synthetic fertilizers and
contaminating compounds are not allowed (Mulero et al., 2010).
American varieties of Vitis labrusca L. are widely cultivated in
North and South America and are a very relevant source of poly-
phenols in Western diets. In Brazil, these varieties represent more
than 80% of processed grapes, mainly destined for grape juice pro-
duction. The most commonly cultivated V. labrusca L. grapes are
Bordo, Isabel, Concord and Niagara, which account for around
50% of the total grape production (Nixdorf & Hermosín-Gutiérrez,
2010; Toaldo et al., 2013). The main phenolic compounds generally
present in grape juices are anthocyanins, ﬂavan-3-ols, ﬂavonols,
phenolic acids and resveratrol (Natividade, Corrêa, Souza, Pereira,
& Lima, 2013; Rizzon & Meneguzzo, 2007).
The consumption of polyphenol-rich diets is associated with a
reduced risk of developing chronic diseases such as atherosclerosis,
heart disease, cancer and diabetes.
Epidemiological studies have shown that these compounds
exert protective effect on oxidative damage induced by free radicals
present in cells and tissues (O’Byrne, Devaraj, Grundy, & Jialal,
2002). The action of polyphenols is associated with modulation of
important physiological parameters such as antioxidant activity,
vascular and platelet function, blood pressure and the plasma lipid
proﬁle, as a result of improved resistance towards oxidative stress,
inﬂammation, and endothelial dysfunction (García-Alonso, Ros,
Vidal-Guevara, & Periago, 2006; Van Duynhoven et al., 2010).
The characteristics of V. labrusca L. grape juices are scarcely
reported in literature and information about organic grape and
organic grape juices is rarely provided. Furthermore, the identiﬁca-
tion of important factors responsible for the bioactive properties
and nutritional quality of grape juice, such as polyphenols, sugars
and minerals, and information on the effect of the organic and con-
ventional cultivation systems on the chemical composition of this
grape derivative are needed. In this context, the aim of this work
was to determine the phenolic proﬁle and the elemental composi-
tion of V. labrusca L. grape juices produced through technological
processes using the varieties Bordo, Isabel and Niagara Branca,
widely cultivated in Southern Brazil, and to assess the impact of
organic and conventional red grape juice consumption on lipid per-
oxidation status in healthy subjects by means of an intervention
controlled acute trial.2. Materials and methods
2.1. Chemicals
Analytical standards of Trolox (6-hydroxy-2,5,7,8-tetrame-
thylchroman-2-carboxylic acid), 2,20-azino-bis(3-ethylbenzothiaz-oline-6-sulphonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radicals, and the Folin–Ciocalteu reagent were purchased
from Sigma–Aldrich (St. Louis, MO, USA). Trichloroacetic acid
(TCA), iron and ammonium sulphates, n-butanol, ferric chloride,
hydrogen peroxide, 2-thio-barbituric acid (TBA), 5,50-dithiobis
(2-nitrobenzoic acid) (DTNB), butylated hydroxytoluene (BHT),
malondialdehyde (MDA) and triphenylphosphine (TPP) were pur-
chased from Sigma–Aldrich. All chromatographic solvents (HLPC
grade) were purchased from Merck (Darmstadt, Germany). Pure,
analytical standards of polyphenols and organic acids (HPLC grade)
were purchased from Sigma–Aldrich. Distilled and deionized water
with resistivity of 18.2 MO cm was generated by a Milli-Q Plus sys-
tem fromMillipore (Bedford, USA). For the elemental analysis, con-
centrated nitric acid 65% (m/m) fromMerck was doubly puriﬁed by
sub-boiling distillation in a quartz still from Kürner Analysentech-
nik (Rosenheim, Germany). The standard multielemental solution
ICP III from Perkin-Elmer (Norwalk, USA) and Ca, K, Na and Rh
stock standard solution supplied by Sigma–Aldrich (Buchs, Swit-
zerland) were employed. Argon gas with purity of 99.996%, acety-
lene and nitrous oxide were purchased from Linde (Blumenau,
Brazil).2.2. Grape samples and grape juice processing
Grapes from V. labrusca L. varieties Bordo, Isabel and Niagara
Branca grown in São Marcos, Rio Grande do Sul State (RS), in the
South Region of Brazil, and cultivated in the conventional and
organic systems were used for grape juice preparation through
an industrial-scale technological process. The varietal grapes were
manually harvested at the stage of technical maturity, with soluble
solids readings between 14 and 20 Brix, according to OIV (1990).
After harvesting, grapes were kept separately at room temperature
(20 C) until juice processing within a period of 2 days. Three vari-
etal grape juices were produced without the addition of water, sug-
ars, ﬂavourings or preservatives, comprising an organic red juice,
elaborated with organic Bordo grapes, a conventional red juice,
prepared with conventional Isabel and Bordo grapes at a juice pro-
portion of 1:1 (v/v), and a conventional white juice, prepared with
Niagara Branca grapes.
The V. labrusca L. grape juice were produced through a continu-
ous-ﬂow process and the grape juice samples were collected after
the ﬁnal stage of processing. The grape varieties were processed
separately and when necessary the blending of grape juices was
carried out previously to the ﬁnal pasteurisation process. Initially,
grape berries were crushed using an industrial mechanical crusher
(EDA, São Paulo, Brazil) and immediately pumped through a tubu-
lar heat exchanger (85 ± 1 C, 10 s) (Boff, Vacaria, Brazil). Upon
heating, the grape mash was fed into an 800 kg-capacity stainless
steel tank with controlled temperature for the pectinolytic treat-
ment (enzyme concentration at 2 g L1, 40 C, 60 min) with com-
mercial pectinases (Coavin LX, AB Enzymes, Germany), followed
by mechanical pressing (EDA, São Paulo, Brazil). The extracted
grape juice was centrifuged at 5000g for 10 min using a 600 Ser-
ies Pieralisi decanter centrifuge (Jesi, Italy) and transferred to a
100 kg-capacity stainless steel tank. The pasteurisation treatment
was carried out at 85 ± 1 C for 10 s, followed by cooling
(1 ± 0.5 C, 2 days) and removal of decanted potassium bitartrate.
Grape juice was then ﬁltered and subjected to pasteurisation
(85 ± 1 C, 10 s). After pasteurisation, grape juice was immediately
collected into sterile amber glass bottles and stored at a room tem-
perature of 20 C, previously to the analyses. The quality parame-
ters of grape juices (pH, density, total soluble solids (TSS),
titratable acidity (TA), volatile acidity (VA) and total sugars were
determined following established protocols according to OIV
(1990).
I.M. Toaldo et al. / Food Chemistry 173 (2015) 527–535 529All the V. labrusca L. grapes juices (the conventional white grape
juice, conventional red grape juice and the organic red grape juice)
were analysed for determination of the bioactive content, phenolic
compounds, organic acids, and elemental composition. For the
in vivo study, the red grape juices (organic and conventional) were
used.
2.3. Determination of the bioactive content in grape juices – total
phenolics, total monomeric anthocyanins and in vitro antioxidant
activity
The total phenolic content of the V. labrusca grape juices was
determined spectrophotometrically using the Folin–Ciocalteu col-
orimetric method (Singleton & Rossi, 1965). Gallic acid was used
as the standard and the phenolic concentrations in juice samples
were expressed as mg of gallic acid equivalents (GAE)/L of grape
juice. Absorbance measurements were performed at 760 nm on a
U-2010 Hitachi UV–Vis spectrophotometer (Tokyo, Japan). The
total monomeric anthocyanins content was determined through
the pH-differential method (Giusti & Wrolstad, 2001) using buffer
solutions of potassium chloride (pH 1.0) and sodium acetate (pH
4.5). Absorbance was determined on the wavelength range of
420–520 nm and at 700 nm. Results were expressed as mg L1 of
malvidin-3,5-diglucoside (molar absorption coefﬁcient of
37,000 L cm1 mol1 and molecular mass of 724.5 g mol1).
The in vitro antioxidant activity of grape juices was determined
using the DPPH and ABTS methods, as described by Kim, Guo, and
Packer (2002) and Re et al. (1999), respectively. The free radical
scavenging activity was assessed through the rate of decay in
absorbance at 517 nm for DPPH and at 754 nm for ABTS radicals.
Trolox standard was used for construction of the calibration curve
and results were expressed as lmol of Trolox equivalents per litre
of grape juice (mmol L1 TE).
2.4. HPLC analysis for individual phenolic compounds
Chromatographic analyses were performed using a Shimadzu
HPLC chromatograph (Kyoto, Japan) equipped with a quaternary
pump, on-line degasser, column heater, and diode array detector.
Analytical separation was carried out on a Shim-pack CLC-ODS
reverse phase column (250  4.6 mm, 5 mm), ﬁtted with a G-ODS
guard column (10  4 mm, 5 mm) (Shimadzu, Kyoto, Japan). Previ-
ously to the analysis, grape juice samples were ﬁltered through a
0.45 lm PTFE membrane ﬁlter (Millipore, Massachusetts, USA)
and 20 lL were directly injected into the chromatographic system.
Quantiﬁcation of anthocyanins (malvidin 3-O-glucoside, cyanidin
3-O-glucoside, delphinidin 3-O-glucoside, peonidin 3-O-glucoside,
malvidin 3,5-diglucoside and cyanidin 3,5-diglucoside) was carried
out according to Revilla and Ryan (2000) using a binary solvent
system consisting of ultra pure water: formic acid (90:10 v/v) (A)
and methanol: ultra pure water (50:50 v/v) with 10% formic acid
(B). Separation was performed through a gradient elution program,
as follows: 20–40% B over 40 min, 40–100% B over 10 min, 100% B
over 5 min, returning to the initial condition in 5 min. The ﬂow rate
was set at 0.8 mL min1 and detection of the compounds was per-
formed at 520 nm. The hydroxybenzoic acids (gallic, proto-
catechuic, vanillic, syringic and ellagic acids) were determined
according to Burin, Arcari, Costa, and Bordignon-Luiz (2011). A gra-
dient elution program was applied with the mobile phase combin-
ing ultra pure water: acetic acid (98:2 v/v) (A) and acetonitrile:
solvent A (80:20 v/v) (B), as follows: 0–30% B over 35 min, 30–
50% B over 5 min, 100% B over 15 min, returning to the initial con-
dition in 5 min. The ﬂow rate was set at 1.2 mL min1, with detec-
tion at 280 nm for all the compounds.
The phenolic compounds (+)catechin, ()epicatechin, tyrosol,
caffeic acid, caftaric acid, p-coumaric acid, ferulic acid, myricetin,quercetin, kaempferol and trans-resveratrol were determined
according to Cadahia, Simón, Sanz, Poveda, and Colio (2009). The
binary mobile phase consisted of ultra pure water: acetic acid
(98:2 v/v) (A) and ultra pure water: acetonitrile (60:40 v/v) with
2% acetic acid (B), at ﬂow rate of 1.0 mL min1. The elutions were
carried out using the linear gradient: 20–40% B over 40 min, 40–
100% B over 10 min, and 100% B maintained for 5 min. Detection
was performed at 280 nm for ﬂavanols and tyrosol, 320 nm for
the cinnamic acids, and at 360 nm for ﬂavonols and trans-resvera-
trol. Quantiﬁcation of the organic acids (L()malic acid, L(+)tartaric
acid, lactic acid, citric acid, succinic acid) was carried out according
to Escobal, Iriondo, Laborra, Elejalde, and Gonzalez (1998). Separa-
tion was performed through isocratic elution, with 1.2% phospho-
ric acid solution as the mobile phase, at a ﬂow rate of 0.7 mL min1.
Total chromatographic run time was 40 min, with detection of the
compounds set at 212 nm. All chromatographic analyses were per-
formed in triplicate.
2.5. Elemental analysis by ICP-MS and FAAS
The elemental analyses of V. labrusca L. grape juices were carried
out on a Perkin-Elmer SCIEX ELAN 6000 inductively coupled plasma
mass spectrometer (ICP-MS) coupled to a cross ﬂow nebulizer and a
Scott spray chamber (Thornhill, Canada). The elements Mn, Mg, Zn,
Fe, Co, Se, Cu, Pb, As, Al and Ni were determined using the operating
parameters: autolens mode on, peak hopping measurement mode,
nebulizer gas ﬂow rate 1.0 L min1, detector voltage of 1250 V
(pulse) and 2287 V (analog), dwell time of 50 ms, dead time of
55 ns, 50 sweeps per reading, 3 replicates. Platinum sampler and
skimmer cones and an alumina injector of 1.5 mm i.d. were used.
External calibration was performed using aqueous standards in
0.14 mol L1 nitric acid solution. Rhodium at 10 lg L1 was used
as an internal standard for all determinations.
The determination of Ca, K and Na was performed on a ContrAA
700 high-resolution continuum source atomic absorption spec-
trometer (HR-CS AAS) (Analytik Jena AG, Jena, Germany), equipped
with a high-intensity xenon short-arc lamp operating in ‘‘hot-spot’’
mode, a high resolution monochromator consisting of a pre-dis-
persing prism and an echelle grating monochromator, and a linear
array charge coupled device detector with 200 analytically accessi-
ble pixels. Nitrous oxide-acetylene ﬂame was used for Ca determi-
nation and air-acetylene ﬂame was used for K and Na
determination. Measurements were performed using the main
lines at 588.995 nm for Na, 766.491 nm for K and 422.673 nm for
Ca. Previously to the analysis, aliquots of 500 lL of grape juices
were diluted to 10 mL with a 0.14 mol L1 nitric acid solution and
directly analysed by ICP-MS or FAAS (Tormen et al., 2011).
2.6. In vivo study
2.6.1. Subjects and experimental design
A randomized, controlled, crossover study with three interven-
tion periods was performed. Thirty healthy volunteers were
recruited from the University of Santa Catarina staff, in the South-
ern Region of Brazil. For participants screening, the health status
and medical history of volunteers were examined by a structured
interview, with the following criteria adopted: (i) inclusion crite-
ria: non-smokers subjects, aged 20–55 years, with body mass
index ranging from 18 to 30 kg m2 and not suffering from chronic
diseases and/or infectious processes two months before and during
the study; (ii) exclusion criteria: cardiovascular disease, hyperten-
sion, liver disease, diabetes mellitus, regular use of antioxidants or
vitamin supplements, vegetarian diet, pregnancy or alcoholism.
Thirty healthy volunteers, 24 women and 6 men, were eligible
and initiated the study. Twenty-four subjects, 19 women and 5
men, completed the study. Participants were part of a single group
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The study protocols were approved by the Brazilian National Ethics
Committee on Human Research (protocol number
12703013.3.0000.0121) and all participants provided a written
and informed consent.
In the intervention study in a two-week run-in period, subjects
were asked to maintain their usual diet and to refrain from con-
suming foods rich in polyphenols for 3 days prior to the interven-
tion period and until the end of the study. Vegetables, fruit and
fruit-containing products, chocolate, tea, coffee, honey, and any
alcoholic beverage were excluded from the diet. For each treat-
ment, all the participants were individually randomized in a cross-
over design, in which one of the test beverages was provided. The
study was divided into three phases with three interventions: (1)
acute consumption of 400 mL of conventional red grape juice
(Bordo/Isabel); (2) 400 mL of organic red grape juice (Bordo); (3)
400 mL of water (control). In the procedure, after a 10-h fasting,
samples of peripheral venous blood were collected from volunteers
at baseline period. Then, volunteers consumed randomly one of the
test beverages and blood samples were collected after 1 h. No food
was provided during this period. The experiment was repeated
with the other test beverages after a washout period of 15 days,
completing a 30-day study. The volunteers returned to their usual
diet during the two-week interval between interventions and the
dietary restriction was maintained in the 72-h period prior to the
next intervention.2.6.2. Blood samples and analysis for lipid peroxidation biomarkers
Fasting venous blood samples were collected through aseptic
venipuncture by a qualiﬁed professional using a vacuum system
(Vacutainer BD, Sao Paulo, Brazil) into heparin or EDTA-containing
tubes or tubes without additives according to established stan-
dards of clinical and biological safety. Blood samples were immedi-
ately placed under refrigeration (4 C) followed by the analysis
within a 1-h period. Plasma and serum were obtained after centri-
fugation at 1800g for 10 min at 4 C. Plasma and serum were
stored at 80 C until analysis.
The endogenous lipid peroxidation biomarkers were tested in
plasma and serum of individuals in each intervention experiments.
Concentrations of lipid hydroperoxides (LOOH) in serum were
determined using the ferrous oxidation-xylenol orange assay as
described by Nourooz-Zadeh, Tajaddin-Sarmadi, and Wolf (1994).
The method is based on the rapid oxidation of ferrous ion (Fe+2)
to ferric ion (Fe+3) in acidic medium, mediated by lipid hydroper-
oxides. The Fe+3 ion in the presence of xylenol orange forms a chro-
mophore complex that may be monitored at 560 nm. In the
procedure, aliquots of serum (90 lL) containing 10 lL of 20 mM
TPP were mixed with 900 lL of FOX-2 reagent, containing
4.4 mM BHT, 1.0 mM xylenol orange and 2.5 mM iron and ammo-
nium sulphate in a 250 mM H2SO4 solution. The mixtures were
kept in the dark at room temperature (20 C) for 60 min, and cen-
trifuged at 1600g for 10 min. The absorbance of supernatants was
determined at 560 nm. The results were expressed in lmol L1
equivalent of hydrogen peroxide. The lipid peroxidation in plasma
was assessed through the determination of thiobarbituric acid-
reactive substances (TBARS) as described by Esterbauer and
Cheeseman (1990). Aliquots (250 lL) of blood samples were acid-
iﬁed with 0.5 mL of 20% TCA and 50 lL of 10 mM BHT were added.
Thiobarbituric acid 1% (500 lL) was added and the mixtures were
incubated at 100 C in a thermostated water bath for 60 min. After
cooling to room temperature (21 C), 1.5 mL of n-butanol were
added and the mixtures were centrifuged at 1000g for 5 min.
The absorbance of supernatants was determined at 532 nm. The
results were expressed in lmol L1 equivalent of malondialdehyde
(MDA).2.7. Statistical analysis
Statistical analyses were performed using the Statistica soft-
ware package version 7.0 (StatSoft Inc., Tulsa, USA). Descriptive
statistics were applied to describe the polyphenol and elemental
composition of grape juice samples and the outcome variables of
the intervention study. All data are presented as mean ± SEM
unless otherwise indicated. The normal distribution of data was
veriﬁed using the Kolmogorov–Smirnov test. In order to compare
changes in outcome variables from baseline in response to the
intervention treatments, one-factor analysis of variance (ANOVA)
for repeated measures and multiple post hoc comparisons using
Tukey’s HSD test were performed. For each treatment, paired t-test
for parametric variables and Wilcoxon for non-parametric
variables were used to compare changes between baseline and
intervention values within groups. Conﬁdence intervals and
differences were regarded as signiﬁcant at 95% and p < 0.05,
respectively. In addition, the Principal Component Analysis (PCA)
was applied to verify the association between the anti-oxidative
stress responses and the phenolic and mineral composition of V.
labrusca L. red grape juices.3. Results and discussion
3.1. Quality parameters, phenolic and elemental composition of grape
juices
The quality parameters of grape juices are presented in Table 1.
For all the analysed parameters, the V. labrusca L. grape juices are in
compliance with the Brazilian legislation regarding the identity
and quality standards for grape juices (Brasil, 2004). In comparison
to conventional red or white grape juices, pH and the volatile acid-
ity were higher in the red organic grape juice. However, the con-
ventional white juice elaborated with the Niagara Branca grapes
showed the highest content of total sugars, whereas the highest
titratable acidity was veriﬁed for the red conventional grape juice.
As shown in Table 1, the total sugar content, total soluble solids
and volatile acidity were signiﬁcantly different among grape juices.
The differences in the physical–chemical properties can be attrib-
uted to the grape varieties used in the preparation of grape juices.
Thus, as expected, the characteristics of grape variety, stage of
maturity, harvest period and climate factors exert inﬂuence on
the properties of grape-derivatives (Rizzon & Meneguzzo, 2007;
Rombaldi et al., 2004).
The phenolic proﬁle, organic acids and the in vitro antioxidant
activity of the Brazilian V. labrusca L. grape juices are shown in
Table 2. Regarding the bioactive content, the total phenolic concen-
trations signiﬁcantly varied in grape juices. The conventional white
grape juice showed lower amount of total phenolic content when
compared with red grape juices. Indeed, the analytical results dem-
onstrated signiﬁcant higher concentrations of polyphenols of dif-
ferent phenolic classes in red grape juices. In comparison with
conventional grape juices, the highest phenolic content was deter-
mined in the organic red juice. The anthocyanins chromatograms
of the organic and conventional red grape juices are shown in
Fig. 1. In fact, the red grape juices showed high amounts of antho-
cyanins pigments, whereas the concentration of total monomeric
anthocyanins in the organic red juice was signiﬁcantly higher in
comparison with the conventional red grape juice. Both organic
and conventional red grape juices showed similar proﬁles of antho-
cyanins, with cyanidin 3,5-diglucoside and malvidin 3,5-digluco-
side being the most abundant anthocyanins in grape juices
(Fig. 1). Malvidin and cyanidin glycosides are the characteristics
anthocyanins in V. labrusca L. grapes, the main components being
3,5-O-diglucosides and 3-O-glucosides of cyanidin, malvidin,
Table 1
Quality parameters of the conventional and organic V. labrusca L. grape juices.
Grape juices pH Density TA VA TSS Total sugars
Red organic 3.23a ± 0.01 1.064a ± 0.002 0.59a ± 0.15 0.021a ± 0.002 15.03b ± 0.06 15.24a ± 0.27
Red conventional 3.15a ± 0.01 1.069a ± 0.002 0.66a ± 0.15 0.011b ± 0.001 16.73b ± 0.06 16.70b ± 0.16
White conventional 3.03a ± 0.01 1.060a ± 0.001 0.61a ± 0.08 0.012b ± 0.003 16.43b ± 0.06 19.79c ± 0.10
Density (g cm3); TA, titratable acidity (expressed in tartaric acid g L1); VA, volatile acidity (expressed in acetic acid g L1); TSS, total soluble solids (Brix degree), total sugars
(expressed in glucose g 100 g1).
a–c Mean values within a column with different letters are signiﬁcantly different (Tukey HSD test, p < 0.05).
Table 2
Phenolic proﬁle, organic acids and in vitro antioxidant activity of the V. labrusca L. grape juices.
Phenolic composition Red grape juices White grape juice
Organic Conventional Conventional
Total phenolics (GAE mg L1) 3378.33a ± 50.08 2015.00b ± 21.79 550.00c ± 17.32
Total monomeric anthocyanins (mg L1) 1592.44a ± 33.70 420.01b ± 7.24 nd
Antioxidant activity (TE mmol L1)
DPPH 54.19a ± 0.24 40.76b ± 0.71 12.97c ± 0.53
ABTS 51.90a ± 0.33 31.09b ± 0.17 21.02c ± 1.61
Organic acids (g L1)
Citric 1.18a ± 0.12 0.58b ± 0.05 0.82b ± 0.02
Malic 3.22a ± 0.11 1.29b ± 0.01 1.18b ± 0.02
Tartaric 3.11a ± 0.04 2.09b ± 0.02 2.32b ± 0.07
Lactic 0.10a ± 0.02 0.15a ± 0.05 0.25b ± 0.08
Succinic 0.62a ± 0.01 0.56a ± 0.08 0.94a ± 0.11
Phenolic acids (mg L1)
Gallic 16.96a ± 0.39 11.51a ± 0.10 9.18c ± 0.24
Vanillic 444.92a ± 20.94 108.47b ± 2.52 20.00c ± 0.37
Syringic 25.63a ± 5.13 28.15a ± 2.17 1.52b ± 0.12
Ellagic 16.08a ± 1.48 18.20a ± 1.17 0.71b ± 0.04
Protocatechuic 2.25a ± 0.03 1.34b ± 0.29 2.52a ± 0.57
Caffeic 29.95a ± 1.57 14.08b ± 0.17 1.43c ± 0.09
Trans-caftaric 222.89a ± 12.67 167.43b ± 0.52 98.82c ± 1.16
p-Coumaric 11.23a ± 0.16 10.73a ± 0.51 3.63b ± 0.05
Ferulic 5.20a ± 0.37 1.59b ± 0.07 0.44c ± 0.01
Flavonols (mg L1)
Quercetin 3.91a ± 0.08 4.27a ± 0.54 3.48a ± 0.25
Kaempferol 2.67a ± 0.02 3.01a ± 0.67 2.83a ± 0.48
Myricetin 7.99a ± 0.99 6.98a ± 0.90 1.85b ± 0.46
Flavanols (mg L1)
(+)-Catechin 500.52a ± 12.33 79.89b ± 30.19 53.92b ± 7.57
()-Epicatechin 53.48a ± 19.78 14.40b ± 0.77 40.84a ± 0.78
Tyrosol (mg L1) nd nd nd
Trans-resveratrol (mg L1) 3.73a ± 0.19 2.24b ± 0.07 2.18b ± 0.13
Anthocyanins (mg L1)
Cyanidin-3,5-diglucoside 785.53a ± 39.56 152.02b ± 6.98 nd
Cyanidin-3-O-glucoside 21.72a ± 4.17 7.17b ± 0.59 nd
Malvidin-3,5-diglucoside 721.26a ± 20.99 189.43b ± 1.29 nd
Malvidin-3-O-glucoside 23.91a ± 2.59 47.42b ± 0.73 nd
Peonidin-3-O-glucoside 2.45a ± 0.66 10.84b ± 0.11 nd
Delphinidin-3-O-glucoside 17.79a ± 1.01 12.15b ± 0.09 nd
a–c Mean values within a row with different letters are signiﬁcantly different (Tukey HSD test, p < 0.05).
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2013).
Concerning the in vitro antioxidant activity of grape juices, in
both DPPH and ABTS methods the organic red grape juice showed
a signiﬁcantly higher antioxidant activity in comparison with con-
ventional grape juices. Indeed, the chromatographic analysis
showed high concentrations of the main phenolic compounds in
the organic red juice, as shown in Table 2. For the conventional
grape juices, the concentrations of all individual anthocyanins,
ﬂavanols (+)-catechin and ()-epicatechin, trans-resveratrol and
the phenolic acids vanillic, protocatechuic, caffeic, trans-caftaric
and ferulic were signiﬁcantly higher in the red organic juice. These
compounds are generally related to the antioxidant activity ingrape and grape derivatives, such as wines and juices (Mulero
et al., 2010; Nixdorf & Hermosín-Gutiérrez, 2010; Rockenbach
et al., 2011).
The ﬂavonols kaempferol, quercetin and myricetin were quanti-
ﬁed in all V. labrusca grape juices, with a signiﬁcant difference
observed for myricetin levels in red and white grape juices
(Table 2). The tyrosol compound was not detected in grape juice
samples, whereas the stilbene compound trans-resveratrol was
determined at levels ranging from 2.18 ± 0.13 to 3.73 ± 0.19 mg L1
in conventional white grape juice and red organic grape juice,
respectively. It is relevant to mention that concentrations of
trans-resveratrol, a potent antioxidant, were signiﬁcantly higher
in the organic red juice in comparison with the red or white
Fig. 1. Chromatograms of HPLC-DAD analysis of anthocyanins proﬁle of V. labrusca
L. red grape juices. (A) Organic grape juice; (B) conventional grape juice. Peaks: 1:
malvidin-3,5-diglucoside, RT(A/B) = 17.446/17.562; 2: delphinidin-3-O-glucoside,
RT(A/B) = 18.598/18.701; 3: peonidin-3-O-glucoside, RT(A/B) = 19.891/19.980; 4:
malvidin-3-O-glucoside, RT(A/B) = 20.464/20.543; 5: cyanidin-3,5-diglucoside,
RT(A/B) = 25.163/25.241; 6: cyanidin-3-O-glucoside, RT(A/B) = 28.279/28.373.
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ﬁed for the organic and conventional grape juices are consistent
with previous reports on the phenolic composition of V. labrusca
L. grapes and grape derivatives (Lima et al., 2014; Natividade
et al., 2013; Nixdorf & Hermosín-Gutiérrez, 2010). In relation to
organic acids, tartaric, malic, citric, lactic and succinic acids were
found in all grape juice samples, with a signiﬁcantly higher concen-
tration of malic, tartaric and citric acids in the organic red grape
juice (Table 2). The organic acids represent important constituents
and should be routinely determined in grape juices, since they are
responsible for parameters associated to identity and quality of
grape varieties, including the typical characteristics of Brazilian
grape juices. In addition, these compounds exert inﬂuence on the
organoleptic properties such as ﬂavour, taste and colour of grape
derivatives (Rizzon & Meneguzzo, 2007).
Regarding the elemental composition of grape juices, the min-
erals K, Ca, Na and Mg were the most abundant elements deter-
mined in all grape juices (Table 3). The micro elements Mn, Zn,
Fe, Co and Se, and the trace elements Cu, Pb, As, Al and Ni were also
detected and quantiﬁed in all grape juices. The minerals Fe and Mnwere the most abundant micronutrients in the grape juices, with
higher concentrations detected in red grape juices. In comparison
with both the white and red conventional juices, concentrations
of minerals were signiﬁcantly higher in the organic grape juice.
On the other hand, other trace element levels were signiﬁcantly
higher in the conventional juices, as shown in Table 3. This is prob-
ably due to the application of fertilizers and synthetic substances
that are allowed for use in the conventional cultivation system.
In fact, the differences on the mineral concentrations and other ele-
mental constituents of grape juices can be attributed to grape vari-
eties used for grape juice preparation, as well as their distinct
cultivation systems. Thus, the elemental analysis is particularly rel-
evant for the characterisation of grape juices, since the mineral
composition of grape and its derivatives reﬂects their origin and
contributes to the sensorial quality by affecting colour, clarity,
taste and ﬂavour of grape products (Rizzon & Meneguzzo, 2007).
Concerning the bioactive content and the elemental composi-
tion of the analysed grape juices, our ﬁndings remark the signiﬁ-
cant difference between the organic and conventional V. labrusca
L. grape juices, in the sense that higher concentrations of the main
phenolic compounds and minerals, and a higher overall bioactive
content were observed for the organic red grape juices. Hence, in
this study, the distinction between the conventional and organic
grape juices were expected, since it is postulated that the biosyn-
thetic pathways involved in the synthesis of polyphenols in plant
tissues, as well as the ability of the plant to absorb inorganic min-
erals, are greatly inﬂuenced by plant variety and climatic and cul-
tivation factors, such as temperature, soil, rainfall, sunlight
exposure, UV exposure, and the application of fertilizers, organic
manure, synthetic pesticides, and other protection substances
(Gris et al., 2013; Mulero et al., 2010).
3.2. Effect of grape juices intake on lipid peroxidation
In a study on the bioavailability of grape anthocyanins in
humans, Bub, Watzl, Heeb, Rechkemmer, and Briviba (2001) dem-
onstrated that the peak levels of malvidin in plasma occurred
between 60 and 180 min after the ingestion of grape juice.
García-Alonso et al. (2006) in the assessment of polyphenols bio-
availability in humans, using a phenolic-rich mixture containing
blackcurrant, raspberry, grape, cherry and blackberry juices,
observed peak levels of lipid-bound phenolic compounds,
expressed in gallic acid equivalents (GAE), after 2-h of juice intake,
and peak levels of antioxidant capacity, uric acid and vitamin C
concentrations in serum after 1-h of the juice intake. Hence, in
the current study, the time point of 1-h after juice ingestion was
established for the intervention experiments with the V. labrusca
L. grape juices. Initially, 30 healthy volunteers were selected and
initiated the study. Six individuals did not complete the study
due to illnesses, which were not related to grape juice intake, or
personal reasons. During the study, there was no evidence or
reports of adverse reactions due to the consumption of V. labrusca
L. grape juices and no abnormalities were observed in the routine
biochemical parameters (results not shown).
The effect of V. labrusca L. grape juices ingestion on biomarkers
of lipid peroxidation is presented in Fig. 2. By comparing to base-
line levels, grape juices ingestion promoted a signiﬁcant decrease
in LOOH and TBARS levels when compared to the control interven-
tion (p < 0.05), demonstrating the protective effect of juice con-
sumption against lipid peroxidation. In comparison with baseline
values, individual decrease in serum LOOH concentrations ranged
from 5.8% to 94.4% after ingestion of red conventional juice, with
similar extent (6.2% to 68.8%) after intake of red organic juice (data
not shown). Interestingly, organic grape juice ingestion promoted a
higher protection against serum lipid peroxidation than that of
conventional grape juice (Fig. 2). These results are in accordance
Table 3
Minerals and trace elements in the organic and conventional grape juices.
Elements (lg L1) Red grape juices White grape juice
OGJ CVGJ CWGJ
Macrominerals
Na 6715.94a ± 43.15 3660.55b ± 5.27 16442.58c ± 272.85
Ca 55290.52a ± 877.68 57125.00a ± 852.29 52729.36b ± 347.10
K 26111.87a ± 175.37 23468.47b ± 67.64 22910.59a ± 348.02
Mg 105505.76a ± 879.95 90823.60b ± 890.47 65717.80c ± 1168.69
Microminerals
Fe 1082.76a ± 9.68 1174.73b ± 12.38 450.48c ± 33.43
Zn 620.69a ± 1.06 662.69b ± 0.48 592.54c ± 12.01
Mn 3307.49a ± 22.39 1700.05b ± 12.09 1668.75b ± 10.74
Co 1.24a ± 0.07 4.29b ± 0.16 3.68c ± 0.05
Se 5.00a ± 2.89 2.89a ± 1.40 4.37a ± 1.91
Trace elements
Cu 623.23a ± 7.17 366.20b ± 2.39 1535.25c ± 16.55
As 1.81a ± 0.26 3.66b ± 0.23 1.60b ± 0.11
Ni 19.41a ± 0.13 40.03b ± 0.25 8.64c ± 0.63
Al 252.38a ± 2.22 811.48b ± 25.57 209.98c ± 4.20
Pb 6.47a ± 0.07 7.84b ± 0.06 10.66c ± 0.31
a–c Mean values within a row with different letters are signiﬁcantly different (Tukey HSD test, p < 0.05).
Fig. 2. Changes in lipid peroxidation biomarkers in healthy subjects after the
consumption of organic and conventional V. labrusca red grape juices. (A)
LOOH = lipid hydroperoxides; (B) TBARS = thiobarbituric acid reactive species.
⁄Signiﬁcantly different from baseline (⁄p < 0.05; ⁄⁄p < 0.001). a,bSigniﬁcant difference
among the intervention samples (Tukey post hoc test, p < 0.05). CT = control;
CVGJ = conventional grape juice; OGJ = organic grape juice.
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grape juice, which could play a role against lipid peroxidation
(Table 2).The phenolic compounds are generally associated to the bioac-
tive properties of grape and grape products, mainly by their role on
modulating anti-oxidative mechanisms. The reduction of lipid per-
oxides veriﬁed in both serum and plasma of individuals probably
occurred due the absorption of grape polyphenols. These phyto-
chemicals compounds are known to exert high antioxidant capac-
ity and anti-peroxidation effects as previously veriﬁed through
in vitro and in vivo studies (Boaventura et al., 2013; García-
Alonso et al., 2006; Rockenbach et al., 2011; Toaldo et al., 2013).
The health beneﬁt potential of grape and its derivatives have
grown in importance concerning human nutrition. Indeed, the bio-
active properties of the phenolic constituents from different grapes
species and grape varieties have been continuously reported
(Deiana et al., 2012; Gris et al., 2013; Mossalayi, Rambert,
Renouf, Micouleau, & Mérillon, 2014). Our ﬁndings suggest that
the improvement of the anti-oxidative defense veriﬁed in healthy
subjects was promoted by grape juice ingestion due to the capacity
of phenolic compounds to eliminate free radicals and prevent lipid
peroxidation by scavenging peroxyl radicals in phospholipid mem-
brane of the cells (Gris et al., 2013; Rodrigo, Castillo, Carrasco,
Huerta, & Moreno, 2005).
Furthermore, in the studied V. labrusca L. grape juices, the
chemical differences associated with the cultivation systems,
mainly in relation to phenolic compounds, might not represent a
predictive factor regarding the biological effects under in vivo con-
ditions. Indeed, both the conventional and organic grape juices
showed inhibitory effect on lipid peroxidation in healthy individu-
als by lowering the peroxides and TBARS levels in the blood
stream. Nevertheless, to the best of our knowledge, this was the
ﬁrst time that biological effects of the Brazilian V. labrusca L. grape
juices on lipid peroxidation biomarkers were assessed under
in vivo conditions, demonstrating a very relevant contribution of
this typical and highly appreciated beverage as a natural source
of polyphenols with health beneﬁts. Furthermore, it is important
to highlight that V. labrusca L. varieties account for more than
80% of the processed grapes in Brazil, and according to IBRAVIN
(2014), the Brazilian grape juices comprise one of the most prom-
ising export products of the food sector, whereas only in the ﬁrst
semester of 2013 more than 1.7 million kg of Brazilian grape juices
were exported to several countries in Asia, North and South
America.
In order to evaluate the association of the phenolic and mineral
composition of the V. labrusca L. grape juices and the in vivo
Fig. 3. Principal component analysis plot of V. labrusca L. grape juices and control
sample over the phenolic and mineral composition, the in vitro antioxidant activity
and the in vivo lipid peroxidation responses in healthy subjects. CT = control;
CVGJ = conventional grape juice; OGJ = organic grape juice.
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tion biomarkers was assessed by principal components analysis
(PCA) as demonstrated in Fig. 3. The ﬁrst two principal components
explained 100% of the total variance, whereas Factor 1 and Factor 2
explained 83.60% and 16.40% of the total variability, respectively.
The ﬁrst principal component (PC1) separated grape juices from
the control sample, perfectly distinguishing between grape juice
and its constituents and water. Also, the phenolic and elemental
composition of grape juices showed similar scores as described
by the PC1. The second principal component (PC2) separated the
conventional and organic red grape juices and associated many
of the phenolic classes with the organic juice sample, thus corrob-
orating with the results from chromatographic analysis previously
described (Table 2). The mineral composition, including macro and
micronutrients, and ﬂavonols were positively scored in PC2 and
were associated with the conventional red juice. In addition, the
improvement on the anti-oxidative responses, veriﬁed by the
decrease on lipid peroxidation biomarkers, were associated with
many of the phenolic compounds in the PCA plot, such as anthocy-
anins, phenolic acids, ﬂavanols and ﬂavonols compounds, which
were quantiﬁed in both the organic and conventional V. labrusca
L. grape juices.4. Conclusions
This study identiﬁed the phenolic and elemental composition of
Brazilian red and white grape juices from V. labrusca L. and demon-
strated the signiﬁcantly higher concentration of phenolic constitu-
ents in grape juice produced from grapes cultivated in the organic
system. This work highlights the decrease of lipid peroxides veri-
ﬁed in blood from healthy individuals after the ingestion of organic
and conventional red grape juices, corroborating with the contri-
bution of this beverage as a natural source of polyphenols with bio-
active properties. Notwithstanding, we remark the importance of
assessing the antioxidant activity of polyphenols and their mix-
tures in grape juices from their effect on oxidative stress biomark-
ers under in vivo conditions, thus assuming a diversity of
physiological mechanisms that occur in complex biological sys-
tems such as the human organism. Therefore, the biological effectsof grape juice constituents can represent an additional mechanism
to combat lipid peroxidation, representing innovative evidence
with direct impacts on consumer health.
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